ABSTRACT
cases with cut-out of the lag screw (group 1), the lag screw was placed in the central-central area (p<0.001). In the remaining 5 cases with no cut-out (group 2), the lag screw was placed in the inferior 1/3-central area (p<0.01). Complications occurred significantly earlier in group 1 than in group 2 patients (2.6 vs. 4.6 months, p=0.02). The tip-apex distance was significantly shorter in group 1 than in group 2 patients (19 vs. 30 mm, p<0.001). Conclusion. Misinterpretation of type A 23 fractures as type A 22 may lead to fixation failure. Operative treatment should not be delayed once complications occur. The positions of the lag screw may affect the mode of fixation failure.
INTRODUCTION
The sliding compression screw (SCS) is widely used for treatment of intertrochanteric fractures of the femur in elderly patients. Its success rate is high and complication rate low, so long as the fracture types are carefully identified and the lag screw of the SCS is carefully placed. 1, 2 There are 2 preferred placement positions for the lag screw; neither is superior to the other. [3] [4] [5] [6] [7] [8] [9] [10] According to the AO/OTA classification, 11 type A 23 or A 3 intertrochanteric fractures of the femur cannot be treated with a single SCS without supplementary devices (such as bone cement or trochanteric stabilising plates). 1, 2, 12 Misclassifying type A 23 as A 22 fractures and treated with a single SCS may lead to fixation failure, as the lag screw may glide distally (telescoping). Careful examination of the fracture type in preoperative radiographs may prevent such a complication. 13, 14 The modes of fixation failure differ depending on the position of the lag screw in the femoral head. We investigated the effect of lag-screw positions on modes of fixation failure. Operations were performed as soon as the patients were stabilised. Spinal anaesthesia and an image intensifier were used. The optimal position of the lag screw was in the inferior 1/3 area (in anteroposterior view) and the central area (in lateral view) of the femoral head. The lag screw was placed in the central-central area in 414 cases and in the inferior 1/3-central area in 177 cases. The tip of the lag screw was 5 to 10 mm away from the articular surface. A 135º side-plate with 4 screws was then inserted. As the neck-shaft angle of the femur was usually around 125º, the use of the 135º side-plate often resulted in the lag screw being positioned in the upper part of the femoral head. [15] [16] [17] [18] [19] Patients were encouraged to ambulate using a walker as early as possible. They were followed up at months 1, 3, 6, and 12. The functional outcome of each hip was classified into 4 grades using the Epstein scoring system. 20 An excellent grade indicated no pain, full range of motion, and no limp. A good grade indicated no pain, 75% range of motion, and a slight limp. Both grades indicated a satisfactory result.
MATERIALS AND METHODS

Between
Fixation failure was defined as migration of the lag screw with cutting out from the femoral head superolaterally, penetration of the lag screw into the acetabulum, telescoping of the lag screw with >2 cm shortening of the femur, or loosening of the plate with loss of stability. 4, 21 There were 18 cases of fixation failure; in 13 (group 1) the lag screw was placed in the central-central area, and in 5 (group 2) in the inferior 1/3-central area.
Clinical variables of the 2 groups were compared using the unpaired Student's t test or Fisher's exact test. A p value of <0.05 was considered statistically significant.
RESULTS
All 18 cases of fixation failure were initially classified as type A 22 fractures and treated with a single SCS without supplementary devices, but after a careful retrospective review they were actually type A 23 (Table 1) .
In 13 cases, failure was attributable to cut-out of the lag screws at the superolateral edge of the femoral head (4 within one month, 8 at month 3, and one at month 6); they were treated with total hip arthroplasty (n=12, Fig. 1 ) or revision surgery (n=1). 9, 22 In 3 cases, failure was attributable to telescoping and >2cm shortening of the femur, for which a shoe-lift was used. In one case, failure was due to penetration of the lag screw into the acetabulum at month 3, for which the lag screw was removed (Fig. 2) and the patient used a walker for ambulation. In another case, failure was due to plate loosening with breakage of cortical screws at month 5, for which the side-plate was replaced.
In the 13 cases with cut-out of the lag screw (group 1), the lag screw was placed in the central-central area (p<0.001, Table 2 ). In the remaining 5 cases with no cut-out (group 2), the lag screw was placed in the inferior 1/3-central area (p<0.01, Table 2 ).
Complications occurred significantly earlier in group 1 than in group 2 patients (after a mean interval of 2.6 vs. 4.6 months, p=0.02, Table 2 ). The tip-apex distance (TAD) was significantly shorter in group 1 than in group 2 patients (19 vs. 30 mm, p<0.001, Table  2 ); it was used to predict the incidence of cut-out of the lag screw and its threshold value was 25 mm. 23, 24 At the latest follow-up, the percentage of patients with satisfactory functional hip outcomes was significantly higher in group 1 than in group 2 (92% vs. 20%, p=0.008, Table 2 ). All 13 patients in group 1, except one, were treated with total hip arthroplasty. On the contrary, all patients in group 2, except one, were treated conservatively. Therefore, operative treatment should not be delayed once complications occur. 
DISCUSSION
In the stance phase of the gait cycle, the femoral head bears the combined loads of axial compression, bending, and rotation. 3, 6, 25 As the transverse diameter of the human body is large, the bending load is the most decisive among the 3 loads. It is 3 to 6 times the body weight and directed about 17º downwards and laterally. 6, 8, [26] [27] [28] [29] In patients with types A 1 , A 21 , and A 22 intertrochanteric fractures of the femur, the lag screw usually glides a little and impacts the fracture fragments. Therefore, the loads are shared by both the implant and the bone, and a high success rate ensues. 30 However, in type A 23 fractures the comminuted fragments cannot prevent a considerable degree of lag screw gliding.
14 As a result, the screw head jams the barrel of the side-plate and the femoral head is continuously pushed downwards and laterally. 31, 32 When a lag screw is placed in the centre of the femoral head in the frontal plane, the resultant force is balanced between the upper and the lower parts of the lag screw, and no torque is produced in the femoral head. The femoral head does not rotate and only simple displacement develops. [33] [34] [35] The bending load is higher in the vertical than in the horizontal direction (about 17º downwards and laterally). The lag screw therefore gradually migrates into the upper part of the femoral head. As a result, a torque develops and the femoral head rotates downwards and medially. 5, 6, 8, 36 Thus, the lag screw migrates upwards and laterally, and results in cut-out superolaterally (Fig. 3) .
When a lag screw is placed in the inferior part of the femoral head in the frontal plane, a torque develops between the resultant force and the lag screw head. [33] [34] [35] [36] [37] The femoral head rotates upwards and laterally, and the lag screw displaces downwards and medially. The distance between the lag screw and the superolateral edge of the femoral head increases, thus decreasing the possibility of cut-out. 6, 8, 10 When the lag screw is placed inferiorly in the frontal plane, the femoral head rotates upwards and laterally and the lag screw glides distally along the barrel of the side-plate. Concomitantly, the lag screw displaces downwards and medially in the femoral head. Once the lag screw glides and jams the barrel of the side-plate, the downward load forces the screw head and penetrates into the acetabulum (Fig. 4) . If the lag screw does not penetrate into the acetabulum, progressive further gliding of the lag screw can produce malunion or nonunion of fracture fragments. Moreover, a large bending load may cause breakage of the side-plate screws and plate loosening.
The incidence of cut-out of the lag screw of the SCS is reported to be 0 to 17%. 4, 6, 7, 21, 38 Its underlying mechanism and the correlation between cut-out of the lag screw and its location is not well known. 21 Theoretically, placement of the lag screw in the central-central or inferior 1/3-central area is feasible in most cases. 1, 2, 7, 12, 25 In elderly patients with unstable intertrochanteric fractures of the femur, different positions of the lag screw may lead to different modes of fixation failure. In our study, cut-out of the lag screw was mainly caused by the lag screw head jamming the barrel of the side-plate. 31, 32 As a result, the femoral head continuously glides downwards and the lag screw migrates upwards. A downward and medial torque impacting on the femoral head accelerates the lag screw cut-out. Placement of the lag screw in the lower part of the femoral head may prevent such a complication. 6, 8 Clinically, distinguishing between type A 22 and A 23 fractures is sometimes difficult. Radiographs taken during the acute stage of the fracture are often of poor quality. All type A 23 fractures were misclassified as type A 22 and the treatment did not involve supplementary devices. As a result, there was excessive gliding of the lag screw glided distally, which jammed on the barrel of the sideplate. To avoid such a mistake, supplementary devices such as bone cement, trochanteric stabilising plates or cephalomedullary nails should be used whenever there is such a suspicion. 1, 2, 25, [39] [40] [41] Careful differentiation of the fracture types and placement of the lag screw in an appropriate location can also lower the complication rate.
The limitation of this study was that complications associated with different locations of the lag screw were not reported. Many other complications of fixation failure (plate breakage or disengagement of the SCS) may also occur. 25, 42 In our study, all the complications could have been avoided if the surgeons had paid more attention to the preoperative radiograph or had used supplementary techniques. Radiographs of each patient were not taken in the exact same position, which might affect evaluation of serial changes of the lag screw position in relation to the femoral head.
